Pomegranate is a popular food due to its high polyphenolic content and antioxidant capacities. Pomegranate peel is used in traditional medicine and has greater antioxidant capacity compared with other parts of pomegranate. This study elucidated the differences in the polyphenolic content and antioxidant capacities of the methanolic extracts of pomegranate peel from different geographical localities including Australia, China and USA. The results showed that pomegranate peel from China generally had higher polyphenolic contents and antioxidant capacities than those from Australia and USA. The total contents of polyphenols and flavonoids, but not condensed tannins, were closely correlated with their total antioxidant activities. Differentiation of extracts from Chinese pomegranate peel to those extracts originating from Australia and USA were achieved by multivariate analyses based on their polyphenolic content and antioxidant capacities. The results indicate that polyphenols are useful indicators to differentiate the geographical localities of pomegranate peel and to predict their antioxidant activities. Overall, geographical localities should be taken into consideration when evaluating the polyphenolic content and antioxidant activity of pomegranate peel.
Punica granatum Linn., commonly known as pomegranate, is one of the oldest edible fruits [1] . It is native to Iran, all the way to the Himalayas in northern India [2] , and is widely cultivated in the Mediterranean region, South Asia, China, Australia, USA and South America [3] . Pomegranate peel is traditionally used for conditions such as bleeding and diarrhea in China [4] . Several reports indicated that the polyphenolic compositions and antioxidant activities of pomegranate peel were greater than other parts, including juice, pulp and seed [5] [6] [7] . It is known that cultivar and environmental factors have an impact on the chemical compositions and biological activities of pomegranate [5, 8, 9] . Even though it is widely cultivated, comparative studies on the polyphenolic content and antioxidant activity of pomegranate peel are lacking. Therefore, the objective of this study was to evaluate the polyphenolic content and antioxidant activities of pomegranate peel from different geographical localities.
A previous report demonstrated that methanolic extraction of pomegranate peel gave the highest extraction yield and phenolic content compared with water, ethyl acetate, ethanol and acetone [10] . Thus, fifteen sources of pomegranate peel from Australia, China and USA were extracted with methanol ( Table 1 ). The Folin-Ciocalteu method was utilized to evaluate the total phenolic content, which for pomegranate peel extracts varied from 94.7 ± 2.7 to 202.2 ± 1.7 mg gallic acid equivalents per g of dried weight (mg GAE/ g DW). The results indicated that the distribution of total phenolics in the extracts from Australia and USA was comparable with those from Yemen, Turkey and Tunisia, as previously reported [11a-c] . Further analyses of the total flavonoid and total condensed tannin content were performed using aluminum chloride and vanillin-HCl colorimetric methods, respectively. The results demonstrated that the total flavonoid content varied from 22.9 ± 2.5 to 94.5 ± 10.3 mg catechin equivalents per g of dried weight (mg CAE/ g DW) for the extracts from China, Australia and USA. The total condensed tannin content varied from 5.3 ± 1.1 to 71.6 ± 2.6 mg CAE/ g DW. As illustrated in Figure 1 , pomegranate peel from China generally had a higher total phenolic and flavonoid content compared with those from Australia and USA. With regards to the total content of condensed tannin, no significant difference was observed. No significant differences in the total content of phenols, flavonoids and condensed tannin were found between pomegranate peel extracts from Australia and USA. These results indicate that the geographical localities of pomegranate have an impact on the polyphenolic content which needs to be considered in the quality assessment of pomegranate peel and its products. Total antioxidant capacities of pomegranate peels were determined by 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), 1,1-diphenyl-2-picrylhydrazyl (DPPH) and ferric reducing antioxidant power (FRAP) assays ( Table 2 ). For the ABTS antioxidant assay, the results showed that the ABTS radical scavenging activity of pomegranate peel extracts varied from 0.63 ± 0.02 to 1.73 ± 0.07 mM trolox equivalents per g dried weight (mM TE/ g DW). For DPPH radical scavenging activities, the effects varied from 0.33 ± 0.01 to 1.04 ± 0.02 mM TE/ g DW. The FRAP antioxidant assay measures the ferric chloride reducing power. The results showed that the reducing power of pomegranate peel extracts varied from 0.66 ± 0.12 to 1.49 ± 0.07 mM FeSO 4 equivalents per g dried weight (mM FeSO 4 E/ g DW). As shown in Figure 2 , the results demonstrate that the total antioxidant capacity measured by DPPH and FRAP assays were significantly higher in the samples from China, although the ABTS radical scavenging assay only showed significance level between the pomegranate peel from China and USA. These results implied that the geographical localities of pomegranate peel have an impact on their antioxidant activities.
Pearson correlation analyses were conducted to define the correlative relationships between antioxidant activities and polyphenolic compositions in the methanolic pomegranate peel extracts (Table 3) . Consistent with previous reports in polyphenolicrich fruits, strong correlations were observed between the ABTS, DPPH and FRAP antioxidant assays, which reflected the antioxidant characteristics of methanolic pomegranate peel extracts [11d]. Significant correlations were also found between the total phenolic content of the methanolic extracts and their ABTS radical scavenging (r = 0.92, p < 0.01), DPPH radical scavenging (r = 0.95, p < 0.01) and FRAP (r = 0.86, p < 0.01) activities. The correlations between the total flavonoid content and antioxidant activities measured by ABTS (r = 0.94, p < 0.01), DPPH (r = 0.88, p < 0.01) and FRAP (r = 0.87, p < 0.01) assays were strong. Weak correlations were observed between the total condensed tannin content and the antioxidant activities measured by ABTS (r = -0.03), DPPH (r = 0.03) and FRAP (r = -0.14) assays. These findings indicated that the phenolic content and flavonoids, but not condensed tannins, are the key determinants associated with the antioxidant activities of pomegranate peel extracts.
Principal component analysis (PCA) and hierarchical cluster analysis (HCA) were conducted to determine whether methods measuring the polyphenolic compositions and total antioxidant Polyphenolic content and antioxidant activities of pomegranate peel Natural Product Communications Vol. 8 (6) 2013 709 capacity in the methanolic extracts of pomegranate peel can be used to differentiate the geographical localities of raw materials. HCA is Table 3 : Correlations between polyphenolic compositions and total antioxidant capacity of methanolic pomegranate peel extract by Pearson correlation analyses based on total phenolic content (TPC), total flavonoid content (TFC) and total condensed tannin content (TCTC), as well as ABTS, DPPH and FRAP antioxidant activities. a classification technique commonly employed to identify homogenous groups based on the variable evaluated. HCA using Ward's linkage algorithm and Euclidean distances was employed, and the corresponding dendrogram revealed that all extracts were clearly divided into two main clusters (Figure 3 ). It was observed that most extracts from Australia and USA were very similar, but a different cluster was illustrated in the samples from China.
PCA was applied to evaluate the similarity and differences between test samples, and showed a distinguishable differentiation of the extracts from China to those from Australia and USA. Two factors were extracted, since the highest factor with eigen values greater than 1.0 was adopted. Our findings showed that factor 1 explained up to 78.85% of total variance, and factor 2 explained another 17.02% of total variance, cumulatively representing up to 95.87% of total variance. From the PCA loading plot (Figure 4A) , the test samples were separated in factor 1 by the differences observed in the total phenolic content, total flavonoid content and antioxidant activities measured by ABTS, DPPH and FRAP assays, whereas factor 2 was mainly related to the total condensed tannin content of the test samples. By representing factor 1 versus factor 2 in the scatter plot ( Figure 4B ), the methanolic extracts of pomegranate peel from China were differentiated from the other groups based on their polyphenolic content and antioxidant activities. The results from HCA and PCA indicated that polyphenolic compositions and antioxidant activities were useful parameters to differentiate the methanolic extracts of pomegranate peel from China from those from USA and Australia. The correlative study has provided a valuable method to differentiate the origin of pomegranate peel from different countries.
In summary, pomegranate peel from China generally had higher polyphenolic contents and total antioxidant capacities compared with those from Australia and USA. The total contents of phenolics and flavonoids, but not condensed tannins, were closely correlated with total antioxidant activities based on correlative and multivariate analyses. The results indicate that polyphenols are useful indicators to differentiate the geographical localities of pomegranate peel and to predict their antioxidant activities.
Experimental
Plant materials: Commercially available pomegranate fruits from Australia (sample no. PA1-5) and USA (sample no. PU1-5) were purchased from local fruit markets in Sydney, while dried pomegranate peel decoction pieces were purchased from China (sample no. PC1-5). The geographical localities of samples were identified by the country of origin labeling. Pomegranate fruits from Australia and USA were hand-peeled when collected and sun-dried, as described in the Chinese Pharmacopoeia [4] . The authenticity of samples was determined taxonomically and voucher specimens were deposited at the Faculty of Pharmacy, University of Sydney, Australia. Thirty g of dried pomegranate peel was ground and extracted with 150 mL of methanol by sonication for 45 min. All liquid extracts were filtered and evaporated to dryness using a rotary evaporator.
Total phenolic content: Total phenolic content was determined according to the Folin-Ciocalteu colorimetric method [12] . Briefly, the extracts were mixed with 2.5 mL of 0.2 N Folin-Ciocalteu reagent and 2 mL of Na 2 CO 3 (7.5%, w/v). The mixture was incubated at room temperature for 2 h and absorbance was determined at 760 nm. Gallic acid was used as the standard for the calibration curve. All values were expressed as mg gallic acid equivalents per g of dried extract (mg GAE/ g DE) and dried weight (mg GAE/ g DW).
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Total flavonoid content:
Total flavonoid content was determined by a previously described protocol [13a] . Briefly, the extracts were mixed with NaNO 2 (5%, w/v) for 5 min, and then AlCl 3 (10%, w/v) was added. After 6 min, 1 M NaOH was added to the mixture and incubated for 15 min. The absorbance was determined at 415 nm. (+)-Catechin was used as the standard for the calibration curve. All values were expressed as mg (+)-catechin equivalents per g dried extract (mg CAE/ g DE) and dried weight (mg CAE/ g DW).
Total condensed tannin content: Total condensed tannin content was determined by the vanillin-HCl method [13b]. Vanillin reagent (0.5% vanillin, 4% HCl in methanol) was added to the extracts, incubated for 15 min and absorbance was measured at 490 nm. (+)-Catechin was used for the calibration curve. All values were expressed as mg (+)-catechin equivalents per g dried extract (mg CAE/ g DE) and dried weight (mg CAE/ g DW).
2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
assay: ABTS radical scavenging activity was determined as described [14] . Radical solution was produced by mixing equal volumes of 7.4 mM ABTS solution with 2.45 mM potassium persulfate and allowing the mixture to stand in the dark for 12-16 h. The radical solution was diluted with 80% ethanol to an absorbance of 1.10 ± 0.02 at 734 nm to yield the working solution. The extract or standard (0.15 mL) was mixed with working solution (3 mL) and incubated in the dark for 30 min. The absorbance was determined at 734 nm. Trolox was used for the calibration curve. All values were expressed as mM trolox equivalents per g dried extract (mM TE/ g DE) and dried weight (mM TE/ g DW).
1,1-Diphenyl-2-picrylhydrazyl (DPPH) assay:
DPPH radical scavenging activity was determined as described [15] . Extracts were mixed with DPPH radical solution (0.24 mg/mL DPPH in methanol) and incubated for 30 min. The absorbance was determined at 515 nm. Trolox was used for the calibration curve. All values were expressed as mM trolox equivalents per g dried extract (mM TE/ g DE) and dried weight (mM TE/ g DW).
Ferric reducing antioxidant power (FRAP) assay: FRAP was determined as described [15] . FRAP working solution was prepared by mixing 10 volumes of 300 mM acetate buffer (pH 3.6), 1 volume of 10 mM TPTZ in 40 mM HCl and 1 volume of 20 mM FeCl 3 ． 6H 2 O. Extracts were mixed with pre-warmed FRAP reagent (37 o C), and incubated for 30 min at 37 o C. The absorbance was determined at 595 nm. Ferrous sulfate was used as the standard for the calibration curve. All values were expressed as mM FeSO 4 equivalents per g of dried extract (mM FeSO 4 E/ g DE) and dried weight (mM FeSO 4 E/ g DW).
Statistical analysis: All data are expressed as the mean ± standard deviation of 3 repeat measurements in triplicate. GraphPad version 5.02 (GraphPad Software Inc, San Diego, CA) was used to analyze the data by one way analysis of variance followed by Tukey's post hoc test for multiple comparison. P < 0.05 was considered as statistically significant. Pearson correlation coefficient (r) was used to evaluate the strength of correlations among the parameters evaluated and was calculated by SPSS version 16 (SPSS Inc, Chicago, USA). Principal component analysis (PCA) and hierarchical cluster analysis (HCA) were performed by SPSS version 16 (SPSS Inc, Chicago, USA) and MATLAB 2011a (MathWorks Inc, Natick, MA, USA), respectively, to obtain a clear differentiation between the geographical origin of raw materials based on the polyphenolic compositions and antioxidant activities of the methanolic extracts of pomegranate peel.
